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The present investigation was based on the postuIate, first 
proposed by Reed and Leone in 1970, that porokeratosis 
lesions represent clonal growth of epidermal cells. Compara-
tive studies using immunocytochemical staining, epidermal 
cell culture, and non-equilibrium pH gradient (NEpHG) gel 
electrophoresis analysis of the keratins extracted were carried 
out on five patients with various types of porokeratosis. Posi-
tive type IV collagen staining on the stratum corneum was 
found in lesional skin specimens of all patients, but not in 
normal controls. A search for connections between type IV 
collagen in the basement membrane of epidermis and the skin 
surface disclosed infrequent intra-epidermal streaking of type 
IV collagen and one positively stained trans-epidermal acro-
P oro keratoses are a group of dermatologic diseases with distinctive morphologic features and histologic charac-teristics [1- 7] . A typical lesion consists of centrifugally enlarging, circular atrophic area, distinctively demar-cated from its normal surrounding skin by a hyperkera-
totic rim. The histopathologic hallmark of the disease, the cornoid 
lamella, corresponds to the rim and consists of a spiked parakeratotic 
column that is stacked above a few layers of irregularly arranged 
epidermal cells. SUf!~ical removal of th.ese lesion~ usually results in 
their reappearances In the same locatIOns. Malignant changes in 
some of these lesions have been reported in about 7% of cases [8,9]. 
In mostlatients, autosomal dominant mode of inheritance has been 
reporte among family members. [13] . . . 
Mibelli, who descnbed the disease In 1893, believed that the 
hyperkeratotic rim injorokeratosis ~epresented the ed.ge of a sweat 
gland opening [1] an named the disease porokeratoSlS. However, 
later investigators disputed this hypothesis on the grounds of his to-
logic and histochemical findings [3,4,7]. Reed and Leone, in 1970, 
postulated that the lesions were best explained .by abnormal c:lonal 
proliferation of epidermal cells [7]. T?e establishment of thiS hy-
pothesis was based on their observatIOn that the acute angle of 
inclination of cornoid lamella, pointing away from the lesion, 
correlated with clonal proliferation of epidermal cells in the lesions. 
There is, however, no clue to the nature of these epidermal cells. 
Rheinwald and Green, in 1975, first established cultures of normal 
skin epidermal cells, which in dishes demonstrated centrifugally 
enlarging clonal growths [10]. Cross sections of porokeratosis le-
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syringium. Positive intra-epidermal larninin staining in 
porokeratosis lesions confirmed the trans-epidermal passage ' 
of basement-membrane materials. Epidermal cells cultured 
from lesional skin showed low plating efficiency, and all 
colonies exhibited intracytoplasmic vacuole formation and 
excessive top cell shedding. NEpHG gel electrophoresis of 
keratins extracted showed that lesional profiles not only con-
tained keratins normally present in glabrous skin, but ~so 
possibly K9 and some additional proteins. K9 had been 1m-
munolocalized to periductal cells in previous studies. Our 
findings, taken together, strongly suggest that porokeratosis 
epidermis consists of epithelial cells with lumen-forming 
ability.] Invest DermatoI95:388-392, 1990 
sions usually exhibit relative flattening of rete ridges, fewer layers of 
epidermis, and frequently thickening of the stratum corneum. 
These histologic features are totally non-specific. Apart from cor-
noid lamella, there is no characteristic microscopic or ultra-micro-
scopic features to distingui~h epidermal cells in the lesion trom 
those in its flanking normal skin. The present study was based upon 
the postulate that porokeratosis represents abnormal clonal prolifer-
ation of epidermal cells and the cornoid lamella indicates the margin 
between the abnormal clone and its surrounding normal skin. Com-
parisons were made between lesional epidermis, unaffected epider-
mis versus normal controls of glabrous, and sole skin. Immunocyto-
chemical staining methods, using various biochemical markers, 
epidermal cell cultures, and keratin analysis using both one-dimen-
sional and non-equilibrium pH gradient (NEpHG) gel electropho-
resis were employed in the present investigation. 
The purpose was to employ updated understanding of epidermal 
cells to detect any consistent deviation among lesions and to gain 
insight into the nature of these cells. 
MATERIALS AND METHODS 
Patients and Normal Controls Five patients with porokerato-
sis were included in the study. Three patients from two different 
families had disseminated superficial actinic porokeratosis [5], on~ 
had porokeratosis of Mibelli affecting the scrotum [1,8], and the 
other had congenital linear porokeratosis along his right lower limb 
[6]. Skin biopsies from lesional as well as from non-lesional areas 
were obtained after written consents. Normal foreskin specimens 
from newborns, as well as abdominal skin and plantar sole skin 
obtained at autopsy, were used as normal controls. Each specimen 
was appropriately treated for either immunocytochemical stainin 
cell culture, or keratin extraction. 
Immunocytochemical Staining Monoclonal antibodies, in-
cluding anti-des mop lakin antibody DPI&II, anti-acidic keratin 
AE3, anti-human laminin antibody (all from ICN Biomedical, Inc. 
CA), OKT6 for Langerhan cells in epidermis (Ortho Diagnosti 
0022-202X/90/S03.50 Copyright © 1990 by The Society for Investigative Dermatology, Inc. 
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System.s, N]), anti -195-kD cornified envelope precursor protein 
antibody AEll [18]' and anti-basal epithelial cell antibody BC2 
(both available in the authors' laboratory) were used. Polyclonal 
antibodies used included goat anti-human type I, III, and IV colla-
gen antibodies (Southern Biotechnology Associates, Inc., AL), and 
rabbit anti-40K keratin (gift of Dr. E. Fuchs, The University of 
Chicago). Patients' skin specimens, as well as controls, were frozen 
in OCT compound (Miles Scientific, Naperville, IL) and 4-.um-
thick sections were cut. Both immunofluorescence [19,20] and avi-
din-biotin (ABC) (Vector Laboratories , Inc., CAl techniques were 
used. 
Keratin Extraction and NEpHG Gel Electrophoresis Kera-
tins from lesional and non-lesional epidermal skin were extracted as 
previously described [14] and analyzed by one-dimensional [15] and 
NEpHG gel electrophoresis [16] for comparison. Extracts from fore-
skin of newborns and from autopsy specimens of abdominal skin 
were used as normal controls. 
Western Blotting Keratin extracts analyzed by one- or two-di-
mensional gel electrophoresis were transferred onto nitrocellulose 
paper and immunoblotted with a mixture of rabbit polyclonal anti-
total keratin antibodies (gift from Dr. E. Fuchs, The University of 
Chicago), followed by peroxidase-conjugated goat anti-rabbit anti-
body and 3' ,3'-diamino-benzidine (DAB) (Sigma Chemical Co., St. 
Louis, MO) in the presence of hydrogen peroxide as color indicator. 
Norm.al rabbit serum was used as negative control [11]. 
Epidermal Cell Culture Epidermal sheets were separated from 
the dermis using dispase (Boehringer Mannheim Biochemical), and 
the epidermal cells subsequently trypsinized into single-cell suspen-
sions. The cells were cultured according to the method of Rhine-
wald and Green [10], with 3T3 as feeder layer in Dulbecco's modi-
fied essential medium, containing 20% fetal bovine serum, 4.ug/ml 
epiderm.al growth factor (Collaborative Research), and 0.4 mg/ml 
hydrocortisone (Calbiochem, CA). 
RESULTS 
When various antibodies were used immunocytochemically to dis-
tinguish lesional areas from non-Iesional areas, results of anti-type 
IV collagen antibody were significant in being abnormally located 
in lesions of all five patients. Control specimens of normal glabrous 
and plantar skin did not show any positive type IV collagen staining 
intra-epidermally nor on the stratum corneum, the cornified outer-
most layer of skin (Fig la,b). Lesional skin from one patient, how-
ever, showed clusters of positive type IV collagen-staining circular 
strUctures on the stratum corneum (Fig Id). A search for type IV 
collagen staining on the stratum corneum or in the epidermis of the 
patient samples showed that all five patients were positive (Figs 
Id- g) , although observed frequencies varied. Consecutive sections 
of whole (4 mm-2 cm) lesional biopsy skin specimens were made 
and examined for connections between the basement membrane 
and the stratum corneum, which would account for type IV colla-
gen staining on the skin surface. Intra-epidermal type IV collagen 
staining in the lesional epidermis was found mainly near the der-
mal-epidermal junction, which was difficult to distinguish from 
tangential cuts. In some patients, positively stained streaks to the 
skin surface were found (Fig 19). Type IV collagen staining of 
tile aCTosyringium was found in only a few sections from one pa-
tient, whose stratum corneum also showed positive circular struc-
tures (Fig Id,e) . There was no increase in type IV collagen staining 
in the dermis directly underneath the lesions to suggest unusual 
proliferation of ducts within the dermis. Porokeratosis lesions also 
demonstrated presence of intra-epidermal laminin globules (Fig 
Ih), which was not found in normal controls (Fig Ie). No significant 
consistent difference was detected between lesional and non-le-
sienal skin specimens with the other antibodies tested, except for 
anti-keratin antibodies, mentioned later in the text. 
When porokeratosis lesional epidermal cells were separated from 
the dermis, trypsinized into single-cell suspensions, and grown with 
3T3 feeder layers [10], these cells exhibited a significantly lower 
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Figure 1. Staining with goat anti-human type IV collagen on cryostat 
sections of (a) normal glabrous skin; (b) normal plantar skin are compared to 
(d - g), porokeratosis skin specimens from four different patients by avidin-
biotin method. Rabbit anti-laminin staining of normal foreskin in (c) is 
compared to the same staining of porokeratosis skin in (h) . Small arrowheads 
point to the outermost stratum corneum. Note the absence of staining in the 
epidermis and on the surface of normal skin in (a) , (b), and (c). Open 
arrowheads point to positive staining on the skin surface in porokeratosis skin 
(d - g). Asterisk in (d) marks the positively stained circular structures on the 
stratum corneum of one patient. Staining is absent berween the dermal-epi-
dermal junction (DE) and the stratum corneum, as marked by arrowheads in 
(a), (b), and (c) , whereas positive intra-epidermal staining, marked by trian-
gles, is present in acrosyringium in (d) , as streaks in (e) and (g), and as a small 
globule in (It). CL indicates coronoid lamella. Bar, 50 jlm. 
plating efficiency than did epidermal cells cultured from non-le-
sional skin of the same individual or from normal age-matched 
controls (Fig 2a). 
Most colonies consisted of larger cells with slower growth and 
features of senescence. Consistent features among cultured lesional 
epidermal cells included multiple cytoplasmic vacuoles (Fig 2c) and 
hole-like structures extending from the base of the culture dish to 
the uppermost cells; some cells facing the hole formed microvilli 
(Fig 2e). In the few larger colonies that consisted of smaller and 
faster growing cells, extensive top-cell shedding was a consistent 
feature (Fig 2b), forming large gaps within the uppermost layer of 
each colony. Occasionally, cells assumed a signet-ring shape, with a 
large intracytoplasmic vacuole and the nucleus pushed to one side 
(Fig 2d). The above-mentioned findings were predominantly found 
in lesion-derived epidermal cell cultures, although they are occa-
sionally observed in normal cultured epidermal cells. 
Studies of keratin expression on lesional skin were also carried 
out. Results of immunocytochemical studies using anti-keratin anti-
bodies showed that the staining pattern of the lesional areas unex-
pectedly resembled that of plantar epidermis, which is much thicker 
than the atrophic lesional epidermis. There was a distinct absence of 
mid-epidermal keratin staining, as demonstrated by anti-40K as 
well as AE3 antibodies (Fig 3). However, in screening a number of 
normal skin specimens, occasional absence of mid-epidermal kera-
tin staining was also found. 
One-dimensional gel electrophoresis analysis of keratins ex-
tracted from lesions, non-lesions, and their controls showed no 
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Figure 2. Phase-contrast micrographs 
of primary cultures of epidermal cells of 
(a) non-lesional skin and (b- e) poro-
keratosis. The cells in (a) were in con-
tact with each other, whereas dislodg-
ing cornified top cells were commonly 
found in porokeratosis, as denoted by 
arrowheads in (b) . Multiple vacuole for-
mation found in porokeratosis cells is 
illustrated in (c). Occasional cell with 
large intra-cytoplasmic vacuole, de-
noted by asterisk, is shown in (d), and 
detachment of neighboring cells, form-
ing a large hole (arrows), is shown in (e). 
Bar, 20 Jim. 
distinctive difference (figure not shown). These keratin extracts, 
with their loading adjusted in one-dimensional gels, were then ana-
lyzed by NEpHG gel electrophoresis. When the keratin spots in 
each panel were designated by their nomenclature according to 
their relative positions, with reference to previous reports, the poro-
keratosis lesional extracts showed presence of possible K9 (Fig 4b), 
in addition to those found in epidermis of normal skin (Fig 4a). 
Additional minor spots (Fig 4b, marked x) were also consistently 
noted in lesional extracts from two different patients. 
DISCUSSION 
Judging from the frequency of occurrence and locations of the 
positive staining found, there are a number of possible explanations 
for the presence of basement-membrane materials (BMM) in the 
stratum corneum and the epidermis, as illustrated in Fig 5. The first 
hypothesis is that the proliferating epidermal cells of porokeratosis 
form pores among themselves and result in trapping BMM in the 
epidermis. These materials are eliminated as the pore-forming cells 
Figure 3. Rabbit anti-40K staining of cryostat sections on normal skin in 
(a) , normal sole in (b) , and porokeratosis skin specimens from four patients 
in (c-f) , using avidin-biotin mcthod. Note positive staining of the whole 
epidermis in normal skin (aJ and staining of only the lower eyidermis in 
normal sole (b), as well as all the porokeratoses shown in (c-J) , leaving a 
non-staining band as markcd by asterisks. CL, cornoid lamella; SC, the thick 
stratum corneum in sale skin. Bar, 100 Jim. 
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move up to the stratum corneum (A in Fig 5). The second possible 
explanation is that the horizontal expansion of clonal epidermal 
cells in porokeratosis disrupts the ductal ridge cells at the basal level 
of the epidermis and allows BMM to escape via the ducts (B in Fig 
5). The third possibility is that the ductal cells in the affected area 
may either defy the rule of not forming BMM, because they are in 
contact with the surrounding epidermal cells, or they may form 
BMM because fibroblasts are present around the affected intra-
~ ..... ,--. NEpHG 
S Kl 
D K2 
S K5 
a 
Kl 
K2 
K5 
b 
K1 
K2 
K5 
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X K9 
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KlO 
K14 
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Figure 4. Non-equilibrium pH gradient (NEpHG) gel electrophoresis of 
keratin extracts stained with Fast Green from (a) normal skin, (b) porokera-
tosis skin, and (c) normal sole skin are compared. The designation of keratin 
numbers was based on their relative positions with reference to previous 
literature. Note the presence of possible K9 in parokeratosis and X as un-
identifiable high molecular weight particulate protein in (b) . The desig-
nated K9 in (b) is more basic than the quantitatively dense K9 in sole extract 
shown in (cJ. 
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SC Stratum Corneum 
SG Stratum Granulosum 
SS Stratum Spinosum 
Figure 5. Three possible explanations for intra-epidermal and skin surface 
basement membrane materials in porokeratosis. A: Proliferating epidermal 
cells form pores among themselves, trapping basement membrane material 
in the epidermis. B : The horizontal expansion of clonal epidermal cells 
disrupts the ducta l ridge cells at the basal layer, allowing basement mem-
brane proteins to escape via the duct. C: Ductal ce lls may themselves form 
basement membrane or be associated with fibroblasts that synthesize base-
ment-membrane components. 
epidermal ducts or BMM is defective in porokeratosis lesions (C in 
Fig 5). 
Previous electron microscopic studies on porokeratosis had 
shown breaches and irregul arities in the basement membrane and 
widening of spaces between basal cells in porokeratosis lesions [17 -
19]. These findings are in agreement with the first possibility sug-
gested above. The second explanation depicts trans-epidermal pas-
sage of BMM as a secondary phenomenon resulting from the 
disruption of the ductal cells by the horizontal expansion of epithe-
lial cells inrorokeratosis. Search of the literature showed that ob-
struction 0 intra-epidermal sweat ducts by dense masses, which 
contained membrane-bound vesicles [10]. had been reported al-
though the nature of these masses was not identified. The first and 
second explanations, however, are not mutually exclusive. The 
th.ird explanation accounts for the circular type IV collagen staining 
and a positive acrosyringium observed. It should be pointed out that 
other acrosyringia sectioned did not show similar positive staining, 
and the presence of fibroblast in porokeratosis epidermis has not 
been reported in the literature. 
The hole formation by the cultured lesional epidermal cells 
would account for the escape ofBMM via the epidermis, as observed 
in the skin sections. Because only the lesional epidermal cells were 
used in this culture system, the hole-forming capabi li ty may be 
interpreted as intrinsic property of these cells. The excessive vacuo-
lation of the cultured cells agreed with the same phenomenon in 
ultrastructural findings of porokeratosis sections [1 8]. Vacuolation 
in epidermal cells is by no means specific for porokeratosis, as it has 
been reported in other skin diseases with abnormal keratinization, 
but the extent of vacuolation was reported to be more severe in 
porokeratosis than in any other observed condition [18,19]. Intracy-
toplasmic vacuole formation and intercellular hole formations are 
occasionally observed in some colonies in normal foreskin cultures. 
However, they usually exist among other colonies without these 
features. 
The present findings on keratin expression may be interpreted as 
suggesting resemblance of porokeratosis skin to that of plantar skin. 
It is known, however, that plantar skin contains more abundant 
ducts of the sweat glands than does non-plantar glabrous skin. In 
previous studies, K9 had been immunolocalized to periductal cells 
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in plantar skin, but was found to be sparse among glabrous skin 
[20,21]. The possibility of the presence of K9 in porokeratosis skin 
needs further verification by immunoblotting with specific anti-
body before its significance can be assessed . IfK9 were identified, it 
could be interpreted to indicate the ductal nature of porokeratosis 
epidermal cells. Further experiments would be required to identify 
the nature of the minor spots present in NEpHG gel electrophoresis 
of porokeratosis extracts and their significance and specificity to 
porokeratosis. 
Our findings, taken together at this stage, suggest that porokera-
tosis epidermis may represent epithelial cells with lumen-formation 
ability. Ductal cells are common lumen-forming cells in the epider-
mis of skin. It has not been established whether the ostia or intra-
epidermal ducts are formed from ductal cells as an extension of the 
dermal ductal unit or whether they are lining stratified epithelial 
cells, w ith lumen formation induced by the approaching stromal 
ductal cells. The former postulate is compatible with the classifica-
tion of ductal cells as of the simple epithelial ce.lI type, whereas the 
skin linings are stratified epithelia. 
Recent studies of the expression of simple epithelium-type kera-
tin in various stratified epithelia demonstrated the complexity of the 
matter [22]. It would seem necessary to delineate the lumen-forma-
tion capacity of epithelial cells other than relying on simple or 
stratified epithelial cell markers. This may be important for an un-
derstanding of the development of epithelial linings, their ductal 
openings, and proliferation of ductal cells in adenomatous changes. 
In conclusion, epidermal cells in porokeratosis consist of an ab-
normal proliferation of lumen-forming cells in the epidermis of 
skin. These cells, which proliferate horizontally, are also stratified 
and form improper channels that result in the escape of basement 
membrane material to the skin surface. Mibelli, who coined the 
term porokeratosis, could have been correct had he meant that the 
lesional epidermal cells were porocytes. Saunders, in 1961, also 
considered porokeratosis to be a disease of the eccrine-sweat-duct 
units [2]. 
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